Background: Neonatal mortality has been decreasing slowly in Ghana despite investments in maternal-newborn services. Although community-based interventions are effective in reducing newborn deaths, hospital-based services provide better health outcomes. Objective: To examine the process and cost of hospital-based services for perinatal asphyxia and low birth weight/preterm at a district and a regional level referral hospital in Ghana. Methods: A cross-sectional study was conducted at 2 hospitals in Greater Accra Region during May-July 2016. Term infants with perinatal asphyxia and low birth weight/preterm infants referred for special care within 24hours after birth were eligible. Time-driven activity-based costing (TDABC) approach was used to examine the process and cost of all activities in the full cycle of care from admission until discharge or death. Costs were analysed from health provider's perspective. Results: Sixty-two newborns (perinatal asphyxia 27, low-birth-weight/preterm 35) were enrolled. Cost of care was proportionately related to length-of-stay. Personnel costs constituted over 95% of direct costs, and all resources including personnel, equipment and supplies were overstretched. Conclusion: TDABC analysis revealed gaps in the organization, process and financing of neonatal services that undermined the quality of care for hospitalized newborns. The study provides baseline cost data for future cost-effectiveness studies on neonatal services in Ghana.
INTRODUCTION
Infant mortality rate, infant deaths per 1000 live births, is an indicator of the health and wellbeing of nations. Most infant deaths occur in the first 28 days after birth -the newborn period, and an estimated 2.6 million newborns died in 2016. 1 Most newborn deaths are preventable and the major causes are perinatal asphyxia, low birth weight (LBW)/preterm birth, and infections. 2 Community-based maternal-newborn interventions are cost-effective strategies for reducing newborn deaths, [3] [4] [5] but hospital-based services lead to better health outcomes. 6, 7 In Ghana, perinatal asphyxia and LBW/preterm are leading causes of neonatal mortality and all-cause mortality, but the burden of neonatal infections is uncertain due to challenges in accurate diagnosis. 8, 9 Neonatal mortality rate has been declining relatively very slowly 10 despite investments in infrastructure, developmental assistance from partners, and a National Health Insurance Scheme (NHIS) that provides free hospital-based maternal-newborn services. The NHIS is a nationwide social health insurance scheme with a fee for service (FFS) payment mechanism for medicines.
The NHIS significantly improved care-seeking behaviour and maternal health outcomes but has had less impact on under-5 child mortality. 11, 12 About 40% of under-5 deaths and 60% of infant deaths in Ghana occur in the newborn period. 13 A closer scrutiny of the process of care for inpatient neonatal services is needed to ascertain why investments in maternal-newborn health have not resulted in expected reduction in neonatal deaths.
A review of the literature showed limited published economic evaluation specific for inpatient neonatal services in Ghana. 14 This study sought to determine the best estimate of actual cost of neonatal services for babies with perinatal asphyxia and LBW/preterm at a district and regional hospital by using a micro-costing approach that examined the process of care. The economic cost of hospital-based neonatal services on families has been described elsewhere.
14 This paper reports findings from providers' perspective.
METHODS
Newborns were categorised by gestational age, birth weight and clinical parameters using universal criteria and NHIS Ghana Diagnostic-Related Group (G-DRG) ( Table 1) . Perinatal asphyxia and LBW are specific G-DRG categories. Using a cross-sectional design, eligible newborns were recruited within 24 hours after birth. Time-driven activity-based costing (TDABC) approach 15 was used to document and cost all activities in the full cycle of care from admission until discharge or death during May to July 2016.
TDABC is a micro-costing approach that is linked to the value-based healthcare agenda. 16 It prioritizes accuracy over precision and requires two key parameters, the capacity cost rate and time used to perform healthcare activities. TDABC approach requires healthcare providers to estimate only two parameters at each process of the care pathway: the cost of each resource used and the quantity of time the patient spends with each resource. In this way, providers are able to assign costs accurately and relatively easily to each process step along the care pathway.
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Setting
The Ghana Health Service (GHS) implements the objectives and policies of the Ministry of Health (MoH). MoH provides major inputs (infrastructure, human resource, equipment) to public regional and district hospitals nationwide. Ghana had 10 administrative regions in 2016 and each region has a referral regional hospital and several district hospitals. The study was done in Greater Accra Region with permission from the Regional Health Directorate and approval by the Ethics Review Committee of GHS (GHS-ERC 77/02/16).
Each study site, regional hospital (RH) and the largest district hospital (DH), provided comprehensive obstetric and neonatal care to about 9,000 births and 1500 newborn inpatients in an urban setting yearly. In 2016, both hospitals had limited space and infrastructure for neonatal services and provided similar inpatient services to similar categories of sick and/or small newborns. The services included resuscitation, intravenous infusions and medicines, blood transfusions, oxygen therapy, gavage feeding and kangaroo mother care (KMC). Characteristics of the neonatal units are described in Table 2 .
Study procedures
After ethical approval, the protocol was shared with the clinical team (doctors and nurses) of each neonatal unit. Thereafter, a meeting was held with each team to: discuss the protocol and data collection tools; understand and harmonize the care delivery value chain (Supplementary file 1) and process of service delivery (Supplementary file 2); plan the pilot study; and identify lead nurses and doctors who would ensure 24/7 accurate data entry.
The protocol and tools were modified based on input from clinicians and lessons learnt from the pilot study on 10 babies, who were excluded from the study sample.
In 2016, both hospitals lacked electronic medical records system and precision of time data as recommended in Kaplan's TDABC 15 was not practicable because of insufficient human resource and clinical workload.
The duration of clinical processes was recorded during the pilot study and the average time per process of care was adopted as standard in the 24-hour clinical activity tool (Supplementary file 3) which captured all activities in the process of care. The duration of complex processes that required longer periods of time were captured. To capture all activities in the process of care, we applied the 24-hour clinical activity tool at the time of admission of all eligible newborns but only enrolled those whose parents subsequently gave written informed consent within 48 hours of hospitalisation. Health workers on duty ensured all clinical activities on participants were documented in the tool. The data was cross-checked with medical and nursing records by the research team. The 24-hour clinical activity tool was completed daily from the time of admission until discharge or death.
Standards for equipment in neonatal care at district and regional hospitals were obtained from GHS. To estimate the cost of other resources (indirect costs) and activities (overhead costs) required for providing care, the head of finance department at each hospital and the paediatrician and nurse in charge of the newborn units were consulted. Input cost allocation for equipment was based on 2015 UNICEF equipment and supplies list for neonatal services in Ghana, University of California equipment useful life table for depreciation 17 and American Hospital Association's estimated useful lives of depreciable hospital assets. 18 The MoH Single Spine Salary Scale for 2016 was used for personnel cost allocation.
Data analysis
Although the plan was to cost all inputs, accurate costing was only feasible for personnel, equipment and single use supplies (Table 2) . Providers' indirect, overhead and support centre inputs were not costed because it was not possible to accurately establish and disaggregate inputs used in neonatal services at the study sites. The hospitals were colonial era buildings with very limited space; the hospitals and MoH had no data on utility bills and other infrastructural costs from which neonatal services could be disaggregated. Analyses were conducted with Microsoft excel version 10 and costs reported in United States dollars using currency conversion rate during the conduct of the study (1 dollar = 3.95cedis).
Estimation of personnel cost:
All personnel were fulltime employees of GHS and were paid by MoH. The category of personnel (Table 2 ) who attended to each newborn and contact episodes during hospitalisation was tabulated. Each infant's personnel cost was estimated by first dividing the average consolidated monthly income for that category of personnel e.g. medical officer, senior staff nurse, by 224 hours (8 hours a day for 28 days) to obtain the capacity cost rate (or unit cost per hour). The capacity cost rate was then multiplied by the respective number of personnel (or quantity) in that category and the time the newborn spent using the personnel; this was done for all categories of personnel involved in the care of each newborn to obtain the total capacity cost rate. We excluded all statutory leave and time-off on the clinical care rota from the personnel's available time for work.
Estimation of equipment cost:
The equipment used for each newborn and duration of use was tabulated. Equipment were at full capacity as most were insufficient in number to meet need. The cost of each equipment was calculated by dividing the unit cost of the equipment by its estimated number of years of useful life to obtain the annual financial cost (AFC). Estimation of AFC was to account for straight-line depreciation of the equipment. Annual cost of equipment usage (equipment cost allocation) for each newborn was determined by dividing the number of hours the newborn spent using the equipment during the entire period of hospitalization by the number of hours in a year (8760 hours). Each infant's equipment cost was then estimated by multiplying the AFC by the proportional allocation or shared cost of the equipment. Infrastructure (basic bed and bedside furniture) in both KMC wards were not costed because they were donations and financial data was not available.
Estimation of supplies cost:
All single use supplies (Table 2) applied to each newborn during the entire period of hospitalisation was tabulated. The total number of each supply was multiplied by the unit cost of that supply to obtain the total cost. Single use supplies that were cleaned and reused on several newborns were not costed.
Estimation of total cost of hospitalization:
The total direct cost of hospitalization for each newborn was estimated by adding the cost of personnel, equipment and supplies. Average direct cost was determined by dividing the total cost of hospitalization by the number of newborns in the G-DRG. Similarly, the daily direct cost was estimated by dividing the total cost of hospitalization by total length of stay (LOS) in days. The estimations of the total costs of hospitalization and cost per newborn were disaggregated by type of hospital, diagnosis, and category of birth weight.
Sensitivity analysis:
A one-way sensitivity analysis (SA) was conducted using different values of estimated years of useful life of each equipment. The estimated years of useful life were reduced from 15 years to 10 years based on the assumption that the equipment may experience frequent breakdowns because they were being used at full capacity. Secondly, equipment may be used inefficiently because some health workers may have inadequate knowledge of how to operate them. SA was undertaken to account for measurement errors that might have occurred from estimation of hospitalization cost such as omission of important cost components; inappropriate timeframe for the study, for example, a short timeframe of three months might lead to under or overestimation of treatment cost of the two conditions studied. 19, 20 The SA was also undertaken to test the robustness of the study findings, build accuracy and reliability into the analysis model, and strengthen the confidence of the study for generalisability.
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RESULTS
During the 3 months, 869 newborns were admitted to both hospitals and 496 (perinatal asphyxia 159, LBW/preterm 337) were eligible for the study. Data was collected from 62 babies of 58 mothers comprising 27 cases of perinatal asphyxia and 35 cases of LBW/preterm.
The most common reasons for exclusion were uncertainty of gestational age, poor documentation of intrapartum parameters indicative of foetal distress and level of resuscitation at birth and absence of parents for informed consent process within 48hours after birth. Most eligible infants had more than one exclusion criteria.
About 1 out of 5 admissions (18.3%, 159/869) was a term normal birth weight infant with presumed perinatal asphyxia. None of the parents of newborns who met all the inclusion criteria declined participation. Length of stay (LOS) varied from 2 -41 days, other characteristics of participants is summarized in Table 3 . Clinical and cost data of 62 babies (including non-surviving infants) during 757 patient days were analysed. * No difference in LOS for LBW/preterm at regional and district levels of care (p = 0.2); LBW/preterm had significantly longer stay than infants with perinatal asphyxia (p = 0.0006); infants with perinatal asphyxia at regional hospital had significantly longer stay than those at district hospital (p = 0.005).
Organization of neonatal services
Each neonatal unit was part of the paediatric department.
The neonatal unit at RH had an open architectural plan with the nursing station in the middle of the ward, while the unit at DH comprised of 3 cubicles with the nursing station outside the clinical area. All documentation was handwritten. Nurses were permanent personnel of the neonatal unit; doctors had rotations between paediatric wards and the neonatal unit but the doctors remained essentially unchanged during the study. Most of the administrative, clerical and hygienic services were done by nurses.
Senior nurses were responsible for clerical and administrative services and also performed clinical work. The nurse on duty provided clinical care and performed hygienic procedures including general care and cleaning of equipment and supplies. Hospital domestic staff cleaned the floor once daily. Personnel rota and other inputs are summarized in Table 2 .
Although both hospitals had laboratory and radiological services, these were not available at the point-of-care. Parents served as porters for laboratory services. Overall, medicines, most laboratory services, and basic clinical and hygienic supplies were paid out-of-pocket by parents at both hospitals irrespective of NHIS cover status.
Most newborns were not accompanied by a parent at the time of admission, but each neonatal unit had stock of emergency supplies and medicines which were replaced by parents later.
Process of care
The process of care and data collection procedures are described in Supplementary file 1.
Mothers played an active role in cleaning and feeding their babies. Both hospitals had guidelines for neonatal care (admissions, referrals, diagnostics, medications and discharge), parents' visits and documentation. The newborn units operated beyond capacity for all types of resources. Except for emergency procedures and medicines, other diagnostic and treatment procedures were largely dependent on parent's physical presence and ability to pay. Supplies were severely limited. One oxygen source was sometimes shared between 2 -4 babies, 2 -3 unrelated newborns shared an incubator for warmth or a cot for phototherapy. Continuous physiological monitoring equipment was lacking for most babies on oxygen therapy. Infections were presumed a major cause of morbidity and most newborns (60/62) received empirical antibiotic therapy as parents were either not physically available or financially capable to organize and pay for laboratory tests. None of the infants had a radiological investigation. Of the 32 that had laboratory tests (full blood count 26, serum bilirubin 15, blood culture 13, glucose-6-phosphate dehydrogenase 5, liver function test 1) most parents paid out-of-pocket and 17/32 parents provided proof of payment.
Each baby was assessed by a doctor at least once daily and on average had contact (assessment, procedures) with a nurse about 5 times daily. Babies at RH had vital signs (temperature, respiratory rate and heart rate) checked 3 times daily but most babies at DH, irrespective of birth weight, had single temperature assessment daily. Doctors were responsible for invasive procedures like insertion of vascular cannula, but nurses also performed these procedures at DH during night duty when there is no doctor in the unit (Table 2) .
Stable very LBW/preterm infants were transferred to the KMC ward where mothers provided care under the supervision of one nurse during day shift. LBW/preterm infants at RH spent 55.4% of hospitalisation days in a warmer (incubator or radiant warmer) and 35.7% in the KMC ward while infants at DH spent 62.3% in a warmer and 14.2% in the KMC ward.
Overall, there was no difference in LOS for LBW/preterm at both hospitals (p = 0.2), but infants with LBW/preterm had significantly longer stay than those with perinatal asphyxia (p = 0.0006). Infants with perinatal asphyxia at RH had significantly longer stay than those at DH (p = 0.005). 
Cost of care and outcome
Personnel costs constituted about 95% of direct costs for both diagnostic-related groups at both hospitals. About 63.5% (range 53-73%) of personnel cost was from activities of junior professionals, senior house officers and staff nurses. The cost of services is summarised in Tables  4 and 5 . Cost of care for LBW/preterm was significantly higher than that for perinatal asphyxia (RH: p = 0.002, 95% confidence interval (CI) 253.5-754.9; DH: p = 0.008, 95% CI 283.2-1771.6). There was no significant difference in the cost of care for each diagnostic-related group between the hospitals (p=0.24 perinatal asphyxia, p = 0.42 for lbw/preterm). For LBW/preterm, personnel cost was higher at DH and contributed to the higher cost of care (Table 6 ). Daily cost of care was similar for the three categories of LBW at each hospital. Three out of 4 extremely LBW at DH died and 59.5% ($3322.14) of total costs in this weight category was from the surviving infant (Table 6 ). Overall 5 (8.11%) participants died (Table 3). Results of the one-way sensitivity analysis show no substantial differences between the base values of the overall cost of hospitalization for newborns and cost per newborn when the 15 years estimated useful life of the equipment was changed to 10 years. Both overall cost of hospitalization and cost per newborn decreased by 0.024% for birth asphyxia versus 0.004% for LBW/preterm at the regional hospital. At the district hospital, overall cost of hospitalization and cost per newborn decreased by 0.01% for both birth asphyxia and LBW/preterm.
DISCUSSION
The study evaluated the financial cost of inpatient care for perinatal asphyxia and LBW/preterm to healthcare providers by examining the process of clinical activities in the full cycle care. Severe deficiency of resource inputs and ineffective organization and financing of clinical services undermined the quality of care provided. Personnel costs accounted for most costs and cost of care was higher for LBW/preterm than perinatal asphyxia. Costs were proportionately related to LOS and LBW/preterm had longer hospitalisation and higher utilization of all resources as described in high-resource settings. 22, 23 Neonatal intensive care is labour-intensive and high personnel costs is recognized in all settings, however, direct costs from equipment may be higher than personnel costs in settings using expensive interventional technologies.
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Burden of disease and organization of care
The burden of LBW/preterm in neonatal units is recognised universally, but the burden of term perinatal asphyxia, a largely preventable condition, was high in this cohort. The total direct cost to GHS for providing basic intensive care for 27 newborns with perinatal asphyxia was $14,003. Survivors of perinatal asphyxia have high risk of neurodevelopmental disability and require rehabilitation services which are severely limited in Ghana. [24] [25] [26] Given the high burden of perinatal asphyxia in Ghana, 8 the long-term intangible costs to the health system and society should be acknowledged. 27, 28 Strengthening the health system to deliver integrated comprehensive maternal-newborn services to tackle upstream determinants of poor birth outcomes is essential. 27, 29, 30 For LBW/preterm, scaling up appropriate use of antenatal corticosteroids for preterm labour should be considered; it may reduce cost of hospitalization. 31 Effective organization of hospital services is critical to providing quality care and improving health outcomes. The neonatal units lacked ancillary personnel for nonclinical services and depended on nurses and parents to provide these services. Also, most vital paraclinical services were unavailable at the point-of-care and required the physical presence and ability-to-pay of parents before they could be provided to the sick infant. This organizational approach may have reduced overhead costs for the hospitals, but it overstrained clinical personnel, fostered non-evidence-based clinical practices and undermined the quality of care provided. Non-evidence-based practices prolong hospitalization, increase direct costs for providers, and undermine health outcomes.
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Resource utilization and cost of care The neonatal units operated beyond capacity for all resources including bed space and confirms the postulation by Lambon-Quayefio et al. 32 They used data from the Ghana Demographic and Health Survey 2014 to assess the impact of NHIS on neonatal outcome and found that although NHIS made neonatal services more affordable to the population, women in urban areas with valid health insurance had significant increased risk of neonatal death irrespective of maternal education and wealth status. They attributed the situation in urban areas to overstretched health facilities and substandard neonatal services.
In high-income countries, TDABC analysis almost consistently reveal waste in the process of care, this study found the converse. 33 All resources were overstretched at both hospitals. Two nurses on night duty at DH attended complicated births, admitted out-born referrals, and provided clinical, nutritional and hygienic services to over 30 infants with varying degrees of illness. Single use supplies were cleaned and reused on several infants and unrelated infants shared bed space for phototherapy. These cost-cutting circumstances reduced costs for providers but made hospitalisation high-risk for newborns.
The cost of supplies was a very small fraction (0.3% -0.6%) of the total direct costs. This may have been due to the practice of reusing single use supplies which were routinely cleaned by nursing staff with hygienic products provided (paid out-of-pocket) by parents. These supplies were not costed. Single use supplies are critical for preventing healthcare-associated infections, a major cause of death and prolonged hospitalization.
Procedures for cleaning and preparing non-single use supplies to reduce healthcare-associated infections may lead to significant overhead costs but these procedures were not performed at the study sites. We recommend a comprehensive review of products (supplies) required for inpatient neonatal services in Ghana and provision of a standardized and costed list of supplies to guide provider's financial planning and NHIS reimbursement rates. 34, 35 Unexpectedly, costs for LBW/preterm at DH was higher than at RH (Table 4 and 5). There are three possible explanations. First, the difference in the design of the neonatal units may have resulted in underestimation of clinical observations by clinicians at RH. Unlike DH, the open design and central workstation at RH enabled easy visualisation of all babies from the workstation; RH personnel could have observed the status of participants without recording the activity in the study tool. Secondly, DH had fewer KMC beds and LBW/preterm infants stayed in incubators for longer periods leading to higher personnel and equipment costs (Table 6 ). Incorporating KMC into acute neonatal services significantly reduces costs. 36 Thirdly, RH personnel could have had higher levels of skill sets and experience leading to different efficiency levels between the two facilities.
Limitations
Micro-costing methods are more precise and accurate but less generalizable. However, a detailed description of care processes and costing approach provided in this paper can guide healthcare providers with similar circumstances to review the process and value of services they provide. Secondly, the sample size of 62 babies may be relatively small, but overall 12.5% of eligible newborns were recruited despite the well-recognized rigour and expense of micro-costing studies and the strain it may have in settings with limited human resource for direct observation in the absence of electronic medical records. Existing guidelines on economic evaluations do not provide specific recommendations for sample size in micro-costing studies. 37 Thirdly, although neonatal infections cause significant neonatal morbidity and mortality, its effect could not be estimated due to limitations in diagnostic services provided at the study sites.
Fourthly, providers' indirect, overhead and support centre inputs were not costed because it was not possible to accurately establish and disaggregate inputs used in neonatal services. For instance, support resources such as office space and furnishings, procurement and storage processes, were not estimated because nurses and doctors shared a small sparsely furnished space on the ward at each hospital; many supplies were procured by parents; and secretarial/administrative and some hygiene activities were performed by the nurses and doctors in the process of delivering care. Fixed costs including space/rent and utility costs were also not quantified as the hospitals had no data and no historical data was available at Ministry of Health. Both hospitals are public facilities and the Ministry of Health was responsible for their utility bills. Overhead costs were also excluded as the hospitals' administrative and financial departments played minimal role in the provision of care for new-borns.
Lastly, the use of the micro-costing approach has its own limitations especially in settings with limited clinical data capture facilities as is common in low-resource settings. Nevertheless, the use TDABC approach to collect data reduced potential limitation of this costing method. Moreover, the use of sensitivity analysis addresses this limitation as it shows no substantial differences in the overall costs and costs per new-born at both hospitals.
CONCLUSION
Inpatient neonatal services are expensive, labour-intensive and require a well-organised health system and reimbursement structure for effectiveness and sustainability. Understanding the process of care and cost implications is essential for service appraisal, decision-making on pricing, priority setting and targeting funds to areas that will maximize health outcomes. Micro-costing is rigorous and requires significant investments, however, it can be adapted and used in low-resource settings as part of quality evaluation process to reveal actual utilization of resources and guide investment and quality improvement efforts. This work provides baseline cost data for future economic evaluations of neonatal services in Ghana and similar settings.
